Like other HOX genes the murine Hox-2.4 gene is thought to be involved in regional specification along the antero-posterior axis. In addition it has been reported to have oncogenlc potential. We studied expression Hox-2.4 in murine EC cells and determined the transcription start site. Studies of DNA-protein interactions in the promoter region showed that the Hox-2.4 promoter contains a CCAAT box and a perfect octamer motif, which is capable of binding Oct-factors. Cotransfection of Oct expression vectors Influences the transcriptional activity of the promoter, suggesting that the Oct-gene family may be involved In regulating HOX genes.
INTRODUCTION
The vertebrate HOX genes (1) constitute a family of related genes that are thought to play a role in regional specification along the anteroposterior (A-P) axis during embryogenesis (2, 3) . This idea is not only based on the finding that HOX genes are the mouse homologues of the Drosophila homeotic genes (4, 5) , discovered as genes necessary for the specification of the correct segment identity in the fruitfly (6) , but is supported by experimental evidence as well. The homology between the murine HOX genes and the Drosophila homeotic genes is apparent from the similarities in nucleotide sequence of their DNA-binding domain, the homeobox, and is strenghtened by their conserved order in clusters on the chromosome. Consistent with the idea that HOX genes are involved in specification of positional information along the A-P axis, it has been found that each HOX gene has its specific anterior boundary of expression during embryogenesis, which is colinear with the order of the HOX genes on the chromosome (4, 5, 7) . More direct evidence comes from studies in which HOX gene expression has been altered. In Xenopus overexpression of Xhox3 (8) and interference with expression of Xlhboxl (9) during embryogenesis leads to morphogenetic changes, that may be explained in terms of alterations in the anteroposterior identity of cells. Moreover, Xenopus animal cap cells overexpressing Xlhbox6 have the capacity to induce a second anteroposterior axis if transplanted into embryos (10) .
Overexpression of Hox-1.1 in the mouse leads to craniofacial abnormalities (11) , and to defects in cervical vertebrae that are reminiscent of homeotic variations in Drosophila (12) . The presence of two defective Hox-1.5 or Hox-1.6 genes in mice, obtained after homologous recombination of these genes in embryo derived stem cells leads to more complex, regionally restricted developmental defects. Disruption of Hox-1.5 leads to the absence of a thymus and parathyroid gland and additional malformations in the throat region (13) , while mice having no functional Hox-1.6 gene miss certain cranial nerves and ganglia and have malformed inner ears and bones of the skull (14) .
In Drosophila homeotic genes are part of a hierarchical network, that establishes the anterior-posterior axis. Higher in this hierarchy maternal effect, gap and segmentation genes are found, that in concert regulate homeotic genes (15) . It is not known which transcription factors control HOX-gene expression in mouse, but Oct proteins (16, reviewed in 17 and 18) are among the candidates as many of them are present during development (19) . To test this possibility we have performed a functional analysis of the octamer containing Hox-2.4 promoter.
The murine Hox-2.4 gene is located in the 5' region of the HOX-2 cluster on chromosome 11. In addition to specifying positional information, Hox-2.4 has been shown to have oncogenic properties if overexpressed under certain conditions (20, 21) . We have studied the expression of Hox-2.4 in different embryocarcinoma (EC) cell lines in relation with Oct-factors present. Furthermore we show that Oct-factors binding to the Hox-2.4 promoter can activate this promoter.
MATERIALS AND METHODS
Cell culture and DNA transfection C1003 EC, P19 EC and MES-1 cells were grown in DMEM/F12 medium supplemented with 7.5% fetal calf serum in a 7.5% CO2 incubator as described earlier (22) . Cells were transfected by calcium phosphate precipitation (23) as follows: 10 ng of DNA was added to 250 /il Hepes-buffered saline (42 mM Hepes, 275 mM NaCl, 10 mM KC1, 1.4 mM Na2PO 4 and 10 mM dextrose, pH 7.05). While mixing, an equal volume of 250 mM CaCl 2 was added, the precipitate was allowed to form at room temperature * To whom correspondence should be addressed for 25 minutes and was added to the medium of cells cultered in a 6 cm diameter culture dish. The next morning the medium containing the DNA was replaced by fresh medium and cells were cultured for one day before harvesting. In all cases 2.5 fig of a plasmid in which the E. coli lacZ gene is under the control of the promoter from the hydroxy-3-methyl-glutaryl-coenzyme A reductase gene (24) , was cotransfected and used as an internal standard for efficiency of transfection. Luciferase and /3-Galactosidase activities were determined as described in (25) .
For determining Hox-2.4 promoter activity, 7.5 fig luciferase reporter constructs was used. In cotransfection experiments 5 ng reporter construct was combined with various amounts of Oct expression plasmids. The expression plasmids carrying cDNAs of different Oct-factors under the control of the CMV enhancer / TK promoter region have been described previously (26, 27) . The total amount of DNA was made up to 10 \ig by addition of pEVRFO, the expression plasmid that contains no cDNA. For each cell line expression of Oct-factors after transfection was tested by a band shift assay with oligonucleotides carrying the octamer motif from the Hox-2.4 promoter and whole cell extracts.
Northern analysis and SI mapping
Standard recombinant DNA procedures were followed according to (28) . Hox-2.4 sequences used have been published (29) and were derived from the genomic L23 clone (30) . Northern analysis was performed as described in (22) . A 350-bp Sstl-Kpnl fragment downstream of the coding region was used as a probe for Hox-2. 4 . For SI analysis a 831 bp Hindm-Bgltt fragment (-641 to +190), containing some sequences present in an Hox-2.4 cDNA (29) was cloned into the Hindm BamHl sites of Bluescript KS + , giving pHBg850. Several DNA fragments were cloned into both M13mpl8 and M13mpl9. HE300 and HRs55O were made by inserting sequences between the Hindm and the EcoRV or the Rsal site into the Hindm and Smal sites of M13. EBg520 was made by inserting an EcoRV Xbal fragment from pHBg850 into the same sites of Ml 3. After isolation of single stranded DNA from M13 phages anti-sense as well as sense probes were made by elongation of an M13 universal primer with DNA polymerase I (Klenow fragment) in the presence of [ct 32 P]-dCTP. After restriction digestion of the double stranded product, single stranded probes were eluted from denaturating sequencing gels. SI analysis was performed as described in (31).
Reporter gene constructs
As a reporter gene we used the firefly luciferase gene (32) . All reporter constructs were based on the pl9LUC vector (33) , which contains two SV40 poly-adenylation sites that prevent readthrough from upstream cryptic promoters in front of the poly linker. Nucleotide coordinates given are relative to the transcription start site. pHBg850Luci was made by inserting sequences present between the Hindm site and the Sstl (-641 to +190) site of pHBg850 (see Northern analysis and SI mapping) into the same sites of the pl9LUC polylinker. pEBg520Luci and pRBg300Luci were made by cloning sequences between the EcoRV site (at -313) or the foal site (at -91) respectively and the Sstl site into the blunt-ended Sail site and the Sstl site of pl9LUC. For 3' deletions pHBg850 was partially digested with Avail, treated with DNA polymerase I (Klenow fragment) and digested with Hindm. Insert sequences were cloned into the Hindm and Smal site of bluescript KS+ (plasmid pHA700). Subsequently sequences between the Hindm site and the Sstl polylinker site were subcloned into the corresponding sites of pl9LUC (=pHA700Luci). Transferring sequences between the Rsal site (at -91) and the Sstl site from pHA700 resulted in pRA150Luci.
In vitro mutagenesis was done following the method of (34), using E. coli ung~ dut~ mutants to generate uracil containing M13 DNA which allows for biological selection of mutated DNA. The oligonucleotide used in this construction was AATGGATG-AACATGATGGT. After recloning the mutated M13 insert into Bluescript KS +, sequence analysis showed that no additional mutations were introduced. pHAmutLuci and pRAmutLuci were made in exactly the same way as their unmutated counterparts.
For construction of the SV40 enhancer containing pSD 19LUC luciferase vector a 240 bp Hindm Ncol fragment was isolated from the pCDX vector (35) , made blunt using Klenow fragment and ligated to BamHl linkers. After removal of excess BamHl linkers, this fragment was inserted in the BamHl site downstream of the luciferase gene of pl9LUC, giving pSD19LUC. Subsequently Hindm-Sstl fragments from Hox-2.4-luciferase constructs were recloned into the same sites of pSD19LUC.
Band shift assays Nuclear extracts from cultured cells and dissected embryos were as described in (36) . Band shift assays were performed as described previously (37) . Sequences of oligonucleotides containing the octamer motif of the Hox-2.4 promoter are gatc-CCACCATCATTTGCATCCATT and its complement gatcA-ATGGATGCAAATGATGGT. Sequences of the c-abl oligonucleotides were GGAAGGTCGGTGGAAATGCAAATTCC-TCTC and its complementary strand GAGAGGAATTTGCAT-TTCCACCGACCTTCC. CCAAT-boxes containing oligonucleotides used, were based on sequences present in the murine junD promoter (gatcCCGTCGGCCAATCGGA and its complementary strand gatcTCCGATTGGCCGACG), the human IGF H gene (gatcCCCATTGGCGCGGGCGCGAGGA and its complementary strand gatcTCCTCGCGCCCGCGCCAATGG-G) and the NF-1 site from the adenovirus origin of replication (ttaTATTGGCTTCAATCCAAAA and its complementary strand taa'lTlTGGATTGAAGCCAATA). For whole cell extracts of transfected cells, cells growing in a 20-cm 2 culture dish were washed with TBS (Tris-buffered saline), scraped in 1 ml TBS and centrifuged for 30 seconds at room temperature. After removal of the supernatant, cells were resuspended in 60 /tl WCE buffer (400 mM KC1, 1 mM EDTA, 10% (v/v) glycerol, 10 mM dithiothreitol, 0.1 mM PMSF, 10 /tg/ml leupeptin, 1 fM pepstatin, 20 mM Hepes, pH 7.9) and immediately frozen in liquid nitrogen. Just before use cells were disrupted by three freeze-thaw cycles on ice and spun for 5 minutes at 4°C. For band shift assays 1 to 4 /tl was used.
RESULTS

Expression of Hox-2.4 in embryocarcinoma cells
The murine Hox-2.4 gene was originally cloned by Hart et al. (38) and indepently in our lab (30) . Analysis of genomic sequences (29, 39, 40) and cDNAs (29) revealed the presence of two exons of which the 3' one contained an Antennapaedia type homeobox. During embryogenesis a major 2.2-kb and a minor 1.4-kb Hox-2.4 transcript can be detected. In situ hybridization shows that expression occurs in the spinal cord, part of the myelencephalon and in somitic and intermediate mesoderm (5; J. Deschamps et al. in preparation) .
EC cells are the stem cells of teratocarcinomas, that resemble in many respects the inner cell mass cells of blastocysts. Therefore, they have been used widely as a model system to study early embryonic events. Because many HOX-genes are known to be expressed in embryocarcinoma cells after treatment with retinoic acid (RA), we tested for expression of Hox-2.4 in two EC cell lines, that differentially respond to RA treatment. C1003 EC and P19 EC cells were grown in monolayer without or with RA (10~6 M) and total RNA from these cells was subjected to Northern analysis. In the presence of RA C1003 EC cells differentiate rapidly (2 days) into mainly neuron-like derivatives (22) . RA treatment of P19 EC cells grown in monolayer results in the differentiation to a mixed population of fibroblast-like cells (41) and cells with endodermal characteristics (42) . As expected no Hox-2.4 expression is observed in EC cell lines before RA treatment (Figure 1 ). High levels of Hox-2.4 mRNA are found in C1003 EC cells after culturing them in the presence of RA for 24 hours. In P19 EC cells Hox-2.4 is clearly induced after culturing them for five days in the presence of RA, but the level of expression is much lower as compared to that of C1003 EC cells cultured for one day in the presence of RA. The lower level in P19 EC cells appears to be due to a slower induction of Hox-2.4, and not to activation being transient, since induction after two days is even lower. The length of the observed transcripts in EC cells was approximately 2.2 and 1.4 kb, in accordance with the mRNA length reported for murine embryos (38) .
Determination of the Hox-2.4 transcription start site
To determine the transcription start site of Hox-2.4 we cloned a 520-bp EcoRV-BglQ fragment from the upstream region into M13mpl8 and M13mpl9 (see Figure 2A ). The flg/n site was reported to be present in cDNAs of Hox-2.4 (29) . Body-labeled single stranded probes from this M13-construct were isolated from denaturating sequence gels after elongation of the M13 universal primer using Klenow fragment of DNA polymerase I and restriction digestion. Subsequently this probe was used for SI-mapping to analyse RNAs from P19 EC cells cultured in the absence and presence of RA, from embryonic neural tube, embryonic body and from adult kidney (see Figure 2B ). No specific protection was seen with mRNA from P19 EC cells cultured in the absence of RA. In all other cases we observed a 206-bp SI-protected fragment with an intensity that correlates with the level of Hox-2.4 mRNA detected by Northern analysis.
The length of this fragment indicates a transcription start site 408 bp upstream of the translation start site. Because no consensus splice is found in the genomic sequence at or near this position, we believe that the protected band is not caused by an intron/exon boundary but reflects a true transcription start site, that is used both in EC cells and in murine tissues. Moreover, the predicted distance between the start and the polyadenylation signal of the mRNA is somewhat more then 2000 bp as would be expected for a 2.2 kb mRNA. Several extra bands at a higher position were also observed, but the intensity of these bands varies strongly between several experiments. To find out whether the higher bands resulted from specific protection of longer transcripts, SI protection assays with probes containing more upstream sequences (see Figure 2A ) were performed. Because no protected fragments were detected with these probes (data not shown) we assume that the higher bands in figure 2B represent partial breakdown products, which are only formed if the EBg520 probe is hybridized to RNA.
Promoter structure of the Hox-2.4 gene Sequences upstream of Hox-2.4 were found to be identical to those published before (29) . Sequences surrounding the transcription start site are shown in figure 2C . The transcription In lane 1 only carrier tRNA was present. As a probe antisense EBg520 was used. If a sense probe was used no protection was found (not shown). C. Nucleotide sequence of the region surrounding the transcription start site. Sequences are identical to those published before (29) . The transcription start site is indicated by an arrow, the CCAAT-box is underlined and the octamer motif double underlined. start site is located in between two very pyrimidine-rich regions. The promoter does not contain a typical TATA-box. A CC-AAT-box, (reported before (29) ) is present 80 bp upstream of the transcription start site, a situation encountered in many other genes. In addition to the CCAAT-box we detected a perfect octamer motif 50 bp upstream of the cap site: ATGCAAATNA. This sequence is a cw-acting element in many promoters and enhancers and can be bound by a number of transcription factors (for a review see (17, 18) ), including the cell ubiquitous factor Oct-1 and tissue specific factors like the products of the Oct-2 and OctA genes. The presence of these factors in a cell and the context of the octamer motif within an enhancer or promoter determine the effect of the octamer motif on transcription. We therefore set out to investigate the possible contibrution of this motif to the complex expression pattern of Hox-2.4.
Binding of nuclear proteins to the Hox-2.4 promoter
A 150-bp fragment (called RA150: -91 to +61 nt relative to the transcription start site) containing the CCAAT-box and the octamer motif was used as probe in band shift assays to analyse DNA-protein interactions in the putative promoter region of Hox-2.4. Incubation of RA150 with nuclear extracts from undifferentiated P19 EC cells led to the appearance of four bands with intensities depending on the amount of nuclear extract used ( Figure 3A, lanes 1 to 3) . Band shift assays with nuclear extracts from undifferentiated C1003 or P19 EC cells showed a very similar pattern of retarded bands. Competition experiments with unlabeled probe showed that all four bands were caused by specific binding of proteins (data not shown). To find out which of the four bands resulted from binding by Oct-factors competition experiments were performed with double stranded oligonucleotides containing the octamer motif from the c-abl promoter but no additional sequence similarities to RA150 (kindly provided by Dr. D. Meijer, Rotterdam). Addition of these oligonucleotides to the reaction mixture inhibited the formation of the slowest and the fastest migrating DNA-protein complexes but did not affect the other two complexes ( Figure 3A , lanes 4 to 6). From other studies (43, 44) it is known that Oct-1 and Oct-4 are the most abundant octamer binding proteins in undifferentiated EC cells, which makes it very plausible that the highest and lowest bands in figure 3A represent Oct-1 and Oct-4 binding respectively. When the 25 most 5' located basepairs, harbouring the CCAAT-box, were deleted from the RA150 probe by restriction digestion only two retarded band were observed in band shift assays (3B, lane 2). Therefore, these two bands must be caused by binding of Oct-factors to the intact octamer motif in the 5' deleted probe. We conclude that the middle two bands in figure 3A are caused by binding of proteins upstream of the octamer motif. Three different CCAAT-box-containing oligos (see Materials and Methods) failed to compete for formation of any of these complexes (data not shown). Therefore, the nature of the proteins giving rise to the middle two bands remains unclear.
As a next step we performed band shift assays with nuclear extracts from EC cells that had undergone the same RA treatment as those used for Hox-2.4 expression studies. In addition, nuclear extracts of C1003 EC cells differentiated by serum deprivation were tested in this assay. As described previously (22) , this latter treatment causes a neuronal differentiation of these cells, but does not induce expression of HOX-genes. In nuclear extracts from P19 EC cells grown in the presence of RA for five days no Oct-4 protein can be detected ( Figure 3C, lane 3) . Down-regulation of Oct-4 in P19 EC cells starts within several hours after administration of RA and is known to be complete within 48 hours (43 and data not shown). The intensity of the other three retarded bands did not change significantly, except for the Oct-1 complex which became somewhat more pronounced. Treatment of C1003 EC cells with RA for 24 hours also leads to a decrease in the level of Oct-4 and like in P19 EC it cannot be detected anymore after 48 hours ( Figure 3C ). Moreover, in band shift assays with the RA150 probe one extra band appeared ( Figure 3C , lane 5 to 7), which resulted from the induction of an additional Octfactor as shown by competition experiments with octamer motif containing z-abl oligonucleotides (data not shown). A very similar pattern of retarded bands was found with nuclear extracts of C1003 cells after serum deprivation induced differentiation.
The proteins binding upstream of the octamer sequence were not affected by RA treatment in C1003 EC or P19 EC cells. However, the strong binding of these proteins to the RA150 probe might have obscured the presence of additional Oct-factors. Therefore, band shifts with the 5' deleted probe and with oligonucleotides containing the Hox-2.4 octamer motif were performed. With these probes no additional binding proteins were found in P19 EC cells. However, two additional Oct-factors not detected with the RA 150 probe were found both in RA treated C1003 EC cells and in C1003 EC cells after serum deprivation. As a major fraction of the RA differentiated C1003 EC cells has a neuronal phenotype we questioned whether similar Oct-factors were present in neural tissues of murine embryos. Nuclear extracts were prepared from brain (excluding hindbrain), neural tube, mesoderm directly surrounding the neural tube and liver of 13.5 day mouse embryos and tested in the band shift assay ( Figure 3D ). In liver and mesoderm only Oct-1 could be detected. In contrast several Oct-factors present both in brain and neural tube bound to the Hox-2.4 octamer motif. The pattern of retarded bands obtained with nuclear extracts from these neuronal tissues shows striking similarities to that of differentiated C1003 cells. The Oct-factors detected here are likely to correspond to the previously described Oct-2, N-Oct-3 and Oct-7 (19) or N-Oct-2, N-Oct-3 and N-Oct-4 (45). In summary, band shift assays show that after RA treatment different EC cells contain different Octfactors which resemble those found in tissues that the EC cells phenotypically correspond to. In addition, high levels of Oct-4 are only detected in EC cells that have an undifferentiated phenotype and do not express Hox-2.4.
Transcriptional activity of the Hox-2.4 promoter
The transcriptional activity of the Hox-2.4 promoter was studied by transient transfections in EC cells and EC cell derived cell lines. An 851 bp fragment containing sequences from -641 to +210 relative to the transcription start site as well as a nested set of deletions of this fragment were cloned in front of the firefly luciferase reporter gene. In all cases the luciferase activity measured was normalized for efficiency of transfection by cotransfection of a plasmid containing the /3-galactosidase under the control of a hydroxy-3-methylglutaryl-coenzyme A reductase promoter (24) . The results with these reporter constructs in MES-1 (42), a P19 derived cell line having mesodermal characteristics, are shown in figure 4A . The activity of reporter construct pHBg850Luci containing the longest Hox-2.4 fragment tested was about 50% of the activity of the Hox-2.3 promoter that we previously characterized (37) , and about five times weaker than a minimal thymidine kinase promoter. Deletion of sequences between -641 and -313 (construct pEBg52OLuci) causes a nearly two-fold drop in promoter activity. Promoter activity of a DNA fragment containing only 90 bp upstream of the transcription start (construct pRBg300Luci) is three-fold lower as compared to the fragment in pHBg850Luci. Removal of untranslated leader sequences (pRA150Luci) results in luciferase activity slightly higher than in the case of pRBg300Luci. This slight rise is also found when the same untranslated leader sequences are deleted from pHBg850Luci (construct pHA700Luci). In other cell lines similar results were obtained (data not shown). To analyse the role of the octamer motif present in the Hox-2.4 promoter we used site directed mutagenesis to create a mutation that abolishes binding of Oct-factors (46,27; see Figure 4B ). DNA fragments carrying this mutation were inserted into the luciferase vector in exactly the same way as their unmutated counterparts. This yielded two sets of reporter constructs (pHAmutLuci and pHA700Luci; pRAmutLuci and pRA150Luci) that differed only in two point mutations of the octamer motif. We then compared the luciferase activity of the reporter constructs carrying an intact or a mutated octamer motif in MES-1 cells ( Figure 4A) . Surprisingly, the absence of the octamer motif caused only a minor decrease (20%) in the activity of the Hox-2.4 promoter. These data show that the octamer motif in the Hox-2.4 promoter is not important for basal activity.
The Hox-2.4 promoter can be stimulated by cotransfected Oct-factors To find out whether Hox-2.4 promoter activity can be influenced by the presence of Oct-factors cotransfection experiments were performed in MES-1 cells. This cell line contains only Oct-1 as shown by band shift assays. Expression plasmids that were used carry cDNAs encoding Oct-2A, Oct-4 or Oct-6 under the control of the CMV enhancer / TK promoter (26, 27) . Upon transfection high levels of Oct-2A and Oct-6 protein could easily be demonstrated in whole cell extracts by means of band shift assays, whereas expression of Oct-4 seemed to be much lower (data not shown). The Hox-2.4 reporter constructs that were used for cotransfection experiments are pHA700Luci, pHAmutLuci, pRA150Luci and pRAmutLuci. As it has been shown in a number of cases that the presence of a general enhancer like the SV40 enhancer is indispensable for activation of octamer containing promoters (47, 48 ) the same promoter fragments were cloned into the luciferase vector pSD19LUC, which contains an SV40 enhancer downstream of the luciferase gene (constructs pSDHA700, pSDHAmut, pSDRA150 and pSDRAmut). First, reporter constructs containing sequences between -90 and +60 nt relative to the transcription start site (pRA150Luci, pRAmutLuci) were cotransfected with expression vectors containing no Oct-factor cDNA and with increasing amounts of Oct-2A expression vectors. Small amounts (50 to 200 ng) of Oct-2A producing expression vector caused a two-to three-fold stimulation of luciferase activity in cells transfected with pRA150Luci. This weak stimulation was not seen with pRAmutLuci containing a mutated octamer motif. Increasing the amount of Oct-2A expression vector up to 2.5 fig caused a decrease in luciferase activity with both reporter constructs, probably as a result of squelching ( Figure 5A ). In cotransfection experiments with pSDRA150 a four-fold stimulation was found. This activation was also completely dependent on an intact octamer motif in the promoter as it was not observed with pSDRAmut ( Figure 5B ). We then tested longer Hox-2.4 reporter constructs with Oct-2A expression vectors in cotransfection assays. Essentially the same results were obtained, i.e. a fourfold stimulation of the SV40 enhancer carrying pSDHA600 plasmid, a three-fold induction of pHA600Luci and no induction of reporter constructs without an intact octamer sequence ( Figure 5C ). Use of Oct-6 instead of Oct-2A expression plasmid resulted in a very similar enhancement of transcription (data not shown).
Finally, the effect of Oct-4 on the same reporter constructs was investigated. Considering the expression pattern of Oct-4 during embryogenesis and its presence in undifferentiated EC cells one might predict that Oct-4 is a repressor of Hox gene expression. However, upon cotransfection of Oct-4 producing expression vectors both the enhancerless pRA150Luci and pHA700Luci constructs as the SV40 enhancer containing pSDRA150 and pSDHA700 construct were stimulated two-fold. No stimulation was found with constructs that carried a mutated octamer motif ( Figure 5D ). The same experiments were performed in P19 EC cells, that had been differentiated with RA, two days prior to transfection. No essential differences between the two cell lines were observed. These results show that Octfactors can stimulate the Hox-2.4 promoter via the octamer motif.
To test the effects of endogenous Oct-factors on the Hox-2.4 promoter pRA150Luci, pRAmutLuci, pSDHA700 and pSDHAmut were transfected into C1003 EC cells before and after differentiation with RA. In these cells reporter constructs were about twice as active as constructs carrying a mutated octamer motif. Upon addition of RA a 1.9-fold induction was seen for the former, while the latter were activated 1.2 fold. These results suggest that in EC cells too, Oct-4 is not a strong inhibitor of Hox-2.4 transcription.
DISCUSSION
During development of a multicellular organism many different cell types, expressing their own characteristic set of genes, arise from the zygote. Hence, one of the major challenges of developmental biology is to understand in detail what mechanisms underly the phenomenon of differental gene expression. During the last decade it has become clear that interactions between cis-acting DNA (promoters and enhancers/silencers) and transcription factors are of major importance for gene regulation. One of the best known examples of a DNA sequence responsible for tissue specific expression is the octamer motif. This motif was originally identified as a conserved element in the promoter of B cell-specific immunoglobulin genes (49) . Surprisingly, simple artificial promoters in which an octamer motif was placed upstream of a TATA-box appeared to be expressed in a B-cell specific way (46, 47) . Oligomerization of the octamer motif creates an B cellspecific enhancer (46) and refs therein), although it is also functional in EC and embryonic stem cells (50) . The cloning of so-called Oct-factors (e.g. 26, 43, 44, [51] [52] [53] [54] [55] , transcription factors that bind to the octamer sequence, has led to further insight in tissue specific transcription as it could be shown that these proteins can activate transcription from octamer containing promoters. However, these studies also show the complex nature of gene regulation. For example, Oct-factors appear to be insufficient to stimulate transcription from enhancers (48) . In addition, recent studies show that some natural B cell-specific, octamer containing promoters, are not stimulated by cotransfected Oct-factors as was expected on the basis of the behaviour of similar, composite promoters (57) . Indeed, many factors including the affinity of a given binding site and the context of this site in a promoter are determining the transcriptional activity of a promoter (57) .
HOX genes represent a class of genes that have complex expression patterns during embryogenesis. Expression of HOXgenes starts around day 7.5 to 8.5 p.c. in the allantois and spreads rapidly into an anterior direction. During midgestation a regionally restricted expression is found in neurectodermal and mesodermal tissues (see e.g. 7,5). It is likely that such complex expression patterns are dependent on the combined action of a number of cis-acting elements, each binding their specific transacting factors. In a few cases as-acting elements with a tissue and/or region-specific activity have been shown to exist in HOX clusters (e.g. 25, [58] [59] [60] [61] . Sequence analysis of the Hox-2.4 promoter shows the presence of binding sites for known transcription factors, like a CCAAT-box and an octamer motif (ATGCAAATNA). This latter motif is especially interesting because of the presence of several Oct-factors during embryogenesis.
One of the Oct-factors that can bind to the octamer motif in the Hox-2.4 promoter is the germline-specific Oct-4 protein. This factor is highly expressed in embryonic stem and embryo carcinoma cells, while RA treatment of these cells causes a rapid down-regulation (43, 44) . During early murine embryogenesis Oct-4 is found in the inner cell mass and pluripotent cells of the primitive ectoderm. Expression declines around day 8.5 p.c. and persists only in primordial germ cells (29, 54) . Both stimulation (43, 44) and repression (43, 62) of transcription by this Oct-factor have been described. On the basis of its expression Oct-4 seemed to be a candidate for a repressor of Hox-2.4 expression in EC cells and during early embryogenesis. However, our results show that cotransfection of OctA leads to a weak but significant stimulation instead of a repression of the Hox-2.4 promoter. Although we cannot exclude the possibility that OcM acts upon c/5-acting elements in the HOX-2 cluster that are not present in our reporter constructs, our data do not support a role for Oct-4 as a repressor of Hox-2.4 transcription. Indirect support for this notion comes from the observation that the absence of Oct-4 protein in C1003 EC cells after serum deprivation is not accompanied by detectable level of Hox-2.4 expression (22; F.Z. and T.H. unpublished data).
We show that apart from Oct-4 several other Oct-factors can bind to the Hox-2.4 promoter. Some of these Oct-factors appear to be tissue-specific as they can be detected in nuclear extracts from neural tissues of 13.5 day embryos but not in mesoderm or liver extracts. Similarly, they occur in differentiated C1003 EC cells with a neuronal phenotype, but not in P19 EC cells that have differentiated into primitive endoderm and mesodermal cells. These Oct-factors are present both in places where HOX genes are highly expressed like the neural tube, as well as in anterior brain structures where no HOX gene expression is found. This situation is parallelled in C1003 EC cells that have been differentiated by RA or by serum deprivation. Both treatments cause C1003 EC cells to differentiate into neuron-like derivatives, containing similar Oct-factors, but only in RA treated cells HOX gene expression has been found (22) . This indicates that these Oct-factors are not main determinants of expression i.e. their presence is not sufficient for Hox-2.4 expression. However, it should not be expected that complex expression patterns are dependent on a single transcription factor but rather are the result of the simultaneous presence within a cell of a certain combination of transcription factors each having their own unique domains of expression. Here we show that two Oct-factors that have been reported to be expressed in neural tissues, namely Oct-2A (19, 63) and 55, 56) can stimulate the Hox-2.4 promoter. This stimulation is most clearly seen in the presence of an SV40 enhancer. It is likely that during embryogenesis several enhancing elements from the Hox-2 cluster determine whether or not the Hox-2.4 gene is transcribed. In EC cells RA seems to be required for activation of these elements. The role of Oct-factors present in a cell may then be to determine the level of expression. Such a mechanism could explain the higher expression of Hox-2.4 in the neural tube as compared to the surrounding mesoderm in a 13.5 day embryo or the differences in expression between C1003 EC and P19 EC cells after RA treatment. Apart from Hox-2.4 several other HOX-genes may be regulated by Oct-factors, as binding sites for Oct-factors also have been found in the promoters of Hox-2.3 (64) and Hox-1.3 (cited in 18). Alternative splicing of Oct-gene messengers, post-translational modification of Octfactors and protein-protein interactions may offer additional levels of regulation.
In summary, the data presented here show for the first time a direct activation of a Hox-promoter by members of the Octfamily. Although a four-fold induction (in the presence of an SV40 enhancer by Oct-2A) may seem relatively low, we believe in its biological significance. It should be borne in mind that the experiments shown here most likely reflect only part of an intricate mechanism underlying control of Hox-2.4 expression. It is conceivable that full activation of the promoter as it occurs in vivo is not seen in the absence of the remaining elements of this mechanism. The recent identification of cw-acting elements necessary for tissue and region-specific expression of Hox-2.3 and Hox-2.4 (25, and Vogels et al. in preparation) will enable us to examine the role of the octamer motif in the Hox-2.4 promoter in vivo by transgenic studies using the /3-Galactosidase reporter gene.
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